ABSTRACT: Meat has played a crucial role in human evolution and is an important component of a healthy and well-balanced diet on account of its nutritional properties, its high biological value as a source of protein, and the vitamins and minerals it supplies. We studied the effects of animal fat reduction and substitution by hydrogenated vegetal fat, sodium alginate and guar gum. Fatty acid composition, lipid oxidation, color and instrumental texture as well as the sensorial difference between low, substituted-fat and the traditional formulations for mortadella-type products were analyzed. Both substitution and reduction of animal fat decreased the saturated fatty acids percentage from 40% down to 31%. A texture profile analysis showed differences between the formulations. Furthermore, lipid oxidation values were not significant for treatments as regards the type and quantity of fat used while the use of sodium alginate and guar gum reduced the amounts of liquid released after cooking. Animal fat substitution does cause, however, a difference in overall sensorial perception compared with non-substituted products. The results confirm the viability of substituting vegetal fat for animal fat.
. However, the incorporation of these vegetal fats may be associated with a reduction in quality due mainly to a significant oxidative instability. The oxidation of unsaturated lipid fractions along with oxygen presence during meat grinding and the adding salt in processing could have a negative impact on the quality of these products (Álvarez et al., 2011) .
Hydrocolloids influence many of the functional properties of processed meat products (Chattong et al., 2007) . They are commonly used in comminuted products as emulsifiers and "texture modifiers" (Fonkwe et al., 2003) . The addition of hydrocolloid materials may structurally interfere with the cross-linking required for protein gel network formation (Pérez-Mateos et al., 2001) .
In this context, this study aimed to study the influence of animal fat substitution by vegetal fat on mortadella-type products formulated with alginate, guar gum in terms of fatty acid composition, sensory characteristics and oxidative stability of lipids. The effectiveness of the quantification of thiobarbituric acid-reactive substances (TBA-RS) using conventional (spectrophotometric) and HPLC methods was also evaluated.
Introduction
Meat plays a crucial role in human evolution and is an important component of a healthy and well-balanced diet on account of its nutritional properties, its high biological value as a source of protein, and the vitamins and minerals it supplies (Santos et al., 2013) . However, recent studies have established a direct relationship between the consumption of meat products and the increase in risk of serious health disorders, such as colorectal cancer and coronary-heart diseases (Ferguson, 2010; Rodríguez-Carpena et al., 2012) .
In Brazil, mortadella-type products number amongst the most widely produced meat products, and their consumption has become popular due mainly to their low cost, pleasant flavor, and the assortment of products available, which can be produced using a variety of fat types, since Brazilian legislation allows for broad classification (Guerra et al., 2011) . Nowadays, consumers demand natural and healthy food products, including meat products, with better nutritional properties (Doménech-Asensi et al., 2013) . Thus, the development of meat products with reduced fat levels, which are similar to traditional products with good consumer acceptability, is essential to the improvement of human health.
The use of animal fat is vital to the production of meat batters because it presents attractive sensory characteristics to the consumer. The substitution of animal fat by vegetal fat could be a good strategy for improving the nutritional quality of meat products, as it reduces the level of saturated fatty acids (SFA) and while increasing the level of polyunsaturated, both of which are essential to the prevention of heart diseases (Beiloune et al., 2014 (Minas Gerais, Brazil) . The expandable cellulose casings were donated by a local company (São Paulo, Brazil). For reasons of confidentiality, no further detail concerning brands of materials used can be provided.
Description and preparation of mortadella-type products
Six types of mortadella-type products were prepared with a reduction in and replacement of animal fat (50 % of pork back fat and 50 % of pork fat trim) by hydrogenated vegetal fat (sunflower, cotton and palm oils), with low levels of trans fatty acids (2g 100 g −1 ). The fatty acid composition (g 100 g −1 ) of the vegetal fat was as follows: 0.03 of C12:0, 0.3 of C14:0, 0.03 of C14:1, 0.03 of C15:0, 12.3 of C16:0, 0.12 of C16:1, 13.6 of C18:0, 60.8 of C18:1 (cis and trans), 11.4 of C18:2, 0.26 of C18:3, 0.6 of C22:0, 27 of SFA, 60 of monounsaturated fatty acid (MUFA) and 12 of polyunsaturated fatty acids (PUFA).
The formulations of mortadella-type products are reported in Table 1 , and the manufacturing process of the product was carried out as follows: first, beef and pork meat and animal fat were stored at 4 °C and ground with a 20-mm disc. Subsequently, the meats were placed into the cutter. The following were added: salt, curing salt, phosphates, spices, garlic paste, maltodextrin and 50 % of the total ice required to reduce the mixture temperature to 0 °C and prevent protein denaturation. Afterwards, animal or vegetal fat, milk whey and hydrocolloids were added according to the different formulations. The remaining 50 % of the ice was then added and finally the antioxidants. The final temperature of the mixture obtained was 13 ± 0.8 °C.
The dough was stuffed into expandable casings of cellulose with a 72-mm radius. In the formulations, fat was reduced by 62.5 % and up to 100 % of the animal fat was replaced.
The thermal treatment consisted of two steps. In the first step, the oven temperature was maintained at 50 °C for one hour with indirect steam and the chimney left open. In the second step, the temperature was kept at 60 °C for another hour using indirect steam and a closed chimney and was halted when the geometric center of the product reached 73 ºC. After the cooking process, the products were cooled using water spray for 30 min before weighing and vacuum packing.
Analytical methods
Proximate composition -Moisture, fat content (Soxhlet) and total protein content (Kjeldahl) were determined following official methods (AOAC, 2005) . All the analyses were carried out in triplicate.
Fatty acid profile -The fat was extracted following the method of Folch et al. (1957) . Fatty acid methyl esters (FAMEs) were prepared from 50 mg of fat using the method described by Hartman and Lago (1973) with slight modifications. FAMEs were analyzed by gas chromatography equipped with a fused silica capillary column (30 m × 0.53 mm x 1.0 µm) and a flame ionization detector. A heating ramp was used in accordance with the following temperature program: 1) 180 °C for 3 min; 2) an increase to 220 °C at 5 ºC min −1 ; and 3) a final hold at 220 °C for 20 min. The injector and detector temperatures were 180 °C and 250 °C, respectively. Nitrogen was used as the carrier gas at a rate of 4 mL min −1 in a split injection mode in a ratio of 1:10. Samples (1 µL) were injected by an automatic injector. Individual FAMEs peaks were identified by comparing their retention times with those of the standards Mix C8-C22 (FAME Mix C8-C22, Supelco, USA). The results were expressed in grams per 100 g of FAMEs detected. All the analyses were carried out in triplicate.
Determination of TBA-RS numbers -TBA-RS were determined in triplicate using the method described by Vyncke (1970) ; Vyncke (1975) and Sørensen and Jør-gensen (1996) with some modifications. For extraction, 5 g of the sample was homogenized in an Ultra Turrax at 10, 000 rpm for 30 s with 15 mL of a solution of 7.5 % of trichloroacetic acid (TCA), 0.1 % of propylgallate (PG) and 0.1 % of ethylene diamine tetraacetic acid (EDTA). After filtration with qualitative filter paper (12.5 mm), 5 mL of the filtrate was mixed with 5 mL of an aqueous solution (0.02 M of thiobarbituric acid (TBA)) in capped test tubes. The samples were incubated in a water bath at 100 °C for 40 min and then cooled in cold water. Absorbance was measured at 532 nm and 600 nm by a spectrophotometer against a blank containing 5 mL of the same TCA, PG and EDTA solution and 5 mL of Determination of malonaldehyde using HPLCThe method used for the extraction of malonaldehyde was the same as was used to determine TBA-RS. Once the malonaldehyde extracts were obtained, they were filtered through a 0.45 µm polytetrafluoroethylene (PTFE) membrane into autosampler vials and injected (20 µL) into an HPLC equipped with a fluorescence detector. The MDA-TBA complex was analyzed using a Zorbax plus column (C18, 4.6 mm × 250 mm, 5 µm). The elution process was isocratic using 85 % of sodium phosphate buffer (pH 7.0, 5 mM) and 15 % of acetonitrile at a rate of 1 mL min −1
. The detector wavelengths were set at 515 nm (excitation) and 543 nm (emission). The oven temperature was set to 40 C. A standard curve was made from TEP and the results expressed in terms of mg of malonaldehyde (MDA) per kg of sample. The R 2 of the calibration curve was 0.989.
Texture measurements -The texture profile analysis (TPA) was carried out at room temperature with a Texture Analyser as described by Bourne (2002) . Six cylinders (2-cm diameter and 2-cm high) were taken from the samples and subjected to a two-cycle compression test. The samples were compressed to 30 % of their original height with a P-35 probe (long shaft, regular base) at a speed of 2 mm s −1 . The following parameters were determined: hardness, maximum force during the first cycle of compression; springiness, the height at which the food recovers during the time that elapses between the end of the first cycle and the beginning of the second cycle; cohesiveness, extent to which the sample could be deformed prior to rupture (A2/A1, where A1 is the total energy required for the first compression, and A2 the total energy required for the second compression) and chewiness -i.e. the work required to masticate the sample for swallowing (Horita et al., 2011) .
Color measurements -Instrumental color was determined by a Minolta colorimeter using the following parameters: L* (lightness), a* (redness) and b* (yellowness) (CIELAB). The parameters were calibrated in a standard white porcelain where Y = 93.7, x = 0.3160 and y = 0.3323 and with a measurement area of 8 mm in diameter, an observation angle of 10° and an illuminant D65. Three 2-cm thick slices from the middle region of each formulation were analyzed in triplicate.
pH -The pH was measured in triplicate using a pHmeter with a puncture electrode inserted into the final product at a temperature of 25 °C.
Cooking loss and emulsion stability -Product cooking loss was determined in triplicate and calculated as follows: Cooking loss = [(W b -W a )/W b ] ⋅ 100, where W b and W a are the weights of the sample before and after cooking, respectively. The emulsion stability test was performed as described by Lin and Mei (2000) with some modifications. An aliquot of 50 g of emulsion mass was weighed in nylon/polyethylene bags resistant to high temperatures, vacuum sealed and placed in a water bath at 70 °C for one hour. Then the samples were cooled to 4 °C. The total amount of fluid released was expressed as a percentage of the sample weight. The test was performed five times for each formulation and was called "Total Fluid Release" in Table 3 .
Sensory evaluation -For the sensory analysis, a Difference-from-Control test, was used as described by Meilgaard et al. (2006) . The samples VC, RAF, RVF, RAFH and RVFH were evaluated in comparison with the AC sample, in duplicate, by a team of 20 panelists (55 % female and 45 % male). The panelists were recruited and selected from Campinas, SP, (Brazil), based on their consumption of the focal products and their sensory acuity. They assessed the six samples in a single session; 50 g of each sample were put in small plastic dishes identified with a random three-digit code and served following a balanced complete block experimental design (Meilgaard et al., 2006; Wakeling and MacFie, 1995) . Panelists gave informed consent and were compensated for their participation.
A 7-point scale (1 = no difference to 7 = very large difference) was used to measure overall difference, seasoning difference, saltiness difference and firmness difference. The AC was the blind control (Lawless and Heymann, 2010) . The evaluations were conducted in individual booths equipped with lighting supplied by fluorescent lamps and the Compusense® software, version 5.4 (Addinsoft, New York, USA).
Statistical analysis -The repeated measures test was used for statistical comparisons between samples. The data were evaluated through analyses of variance (ANOVA) and the averages were compared by Tukey's test using XLSTAT (Addinsoft, New York, EEUU). Differences were considered significant at a confidence level of 95 % (p < 0.05). For the sensory evaluation, differences were considered significant at a confidence level of 95 % (p < 0.05) using Dunnett's test. The relationships between sensory parameters were calculated using Pearson's correlation coefficients. Principal Component Analysis (PCA) was also carried out.
Results and Discussion

Proximate composition
Proximate analysis revealed a number of differences (p < 0.05) between the six formulations ( Table  2 ). The differences in moisture content showed the ex-Sci. Agric. v.72, n.6, p.495-503, November/December 2015 sion stability, color, pH and the textural properties of the product. According to Table 3 , the fat reduction without the addition of hydrocolloids caused an increase in fluid release when the product was subjected to thermal treatment. This behavior usually occurs when fat is replaced by water. In such a case, since protein levels are constant, a decrease in protein concentration involved in the emulsion formation may have occurred, thereby reducing the binding properties of water and fat in products with a lower fat content. However, when sodium alginate and guar gum were added to the formulations, the fluid release was reduced, and this behavior is in agreement with other studies (Flores et al., 2007) . The cooking loss showed differences (p < 0.05) between formulations. This result is certainly related to fat reduction and the presence of hydrocolloids in the product, once hydrocolloids became capable of holding water and fat, thereby reducing fluid release and consequently the cooking loss.
The TPA of the six formulations (Table 3 ) revealed differences (p < 0.05) for hardness, springiness, cohesiveness and chewiness. The RVFH formulation with 0.25 % of sodium alginate and 0.05 % of guar gum in its formulation had 16.45 N of hardness, a lower value compared with the VC and RVF formulations, but similar to the AC formulation. Similar behavior is reported by Marchetti et al., (2013) and is attributed to the increase in water holding capacity caused by the addition of sodium alginate and guar gum. Water provides less resistance to compression, leading to softer products (Youssef and Barbut, 2011) . Thus, the presence of fiber could have caused a disruption in the protein-water and protein-protein network, leading to a decrease in the gel strength of the product (Lin et al., 1998) . Different results were found by Mendoza et al. (2001) , who reported that the addition of fiber (inulin) did not affect the hardness of sausages and by the study of Fernández-Ginés et al. (2003) , who indicated that sausages with citrus fiber showed higher hardness values compared with the control. Both hardening and softening have been observed when fiber is added to various meat products, which can be due to the amount and type of fiber used (Fernández-Ginés et al., 2003) .
istence of three groups. The first group consisted of AC and VC with 100 % of animal and vegetal fat in their formulations, respectively, containing around 61 % of moisture whereas the second group consisted of RAF and RAFH with 50 % of animal fat in their formulations, containing around 65 % of moisture. The third group consisted of RVF and RVFH with 37 % of vegetal fat in their formulations, which contained more than 67 % of moisture. Total lipid content varied between 10 % and 17 % showing differences (p < 0.05) between formulations. Although there was a difference (p < 0.05) in protein content of the formulations, though the variation between the values was only 1 % (ranging from 16 % to 17 %). These similar values occurred mainly because the six treatments were formulated with the same meat content. The ash content showed differences (p < 0.05) between formulations. The results of the present study are within the usual scope for this type of meat product (Horita et al., 2011) .
pH, emulsion stability, instrumental color and texture
With the reduction and replacement of animal fat by vegetal fat in the formulations, the binding properties of water and fat were modified, changing the emul- fat changed (p < 0.05) the objective color measurements (Table 3) . In reduced fat treatments, with or without hydrocolloids, a slight decrease in luminosity (L*) and a slight increase in redness (a*) compared to the controls (AC and VC) were observed. The yellowness (b*) increased in products with guar gum and sodium alginate. Color variation between formulations may be the result of the amount of animal fat (light color) and oil distribution in the actomyosin matrix during processing (cuttering and mixing) which increased the surface of the fat particles and altered the color after cooking (Álvarez et al., 2011) . For the pH, formulations with vegetal fat addition had values close to 6.70 while the treatments with animal fat had values from 6.66 and 6.76. Although pH values presented significant effects of the treatments, variations of 0.1 can be considered marginal and not significant on a practical level.
------------------------------------------------------------------------------------------------g 100 g −1 ------------------------------------------------------------------------------------------------
Fatty acids profile
Ninety percent of all fatty acids are represented by palmitic acid, stearic acid, oleic acid and linoleic acid ( Table 4) . As expected, the reformulation caused important changes in the fatty acids profile. The incorporation of vegetal fat significantly decreased total SFA content (Table 4 ). In the treatments with vegetal fat (VC, RVF and RVF), palmitic acid (C16:0) decreased 9 perceptual points (PP) and stearic acid (C18:0) increased 1 PP compared with animal fat formulations. Clearly, the addition of vegetal fat affected SFA (p < 0.05), reflecting its particular composition. Consequently, the reduction in SFA Springiness varied from 0.89 to 0.96 and the results showed high values for the RAF, RVF, RAFH and RVFH formulations, while formulations with 100 % of fat (AC and VC) had low values, meaning that samples with high fat content have a low capacity for recovering their initial dimensions after the first deformation (Horita et al., 2011) . The higher springiness values of treatments with hydrocolloids may be due to the fact that they may have altered the gel structure and increased binding within the product. Furthermore, according to Pietrasik and Duda (2000) , fat reduction in meat products may result in products with higher springiness.
Cohesiveness indicates the degree of difficulty to break the internal structure of the product (Horita et al., 2011) . In the experiment, cohesiveness varied from 0.77 to 0.83, and the AC formulation had the highest value among the treatments. Similar results were reported by Fernández-Ginéz et al. (2003) , who verified lower values of cohesiveness in formulations with fiber addition and by Berasategi et al. (2014) , who indicated that cohesiveness values decreased significantly when fat content decreased and water increased. Chewiness showed differences (p < 0.05) between treatments, ranging from 12.01 to 14.65. The RVFH formulation had the lowest value, which may be attributed to the addition of sodium alginate and guar gum that increased the water retention capacity of the treatments, decreased hardness and, consequently, led to a lower value for chewiness.
The preparation of mortadella-type products with the reduction and substitution of vegetal fat for animal in products with vegetal fat increased the percentage of MUFA and PUFA in 10 and 1 PP, respectively. For MUFAs, oleic acid increased 10 PP while for PUFAs, linoleic acid increased 1 PP compared to the treatments with animal fat. The fatty acid profile is very important from the nutritional viewpoint, since it allows for quantifying the SFA, MUFA and PUFA. The SFA increases the low density lipoproteins (LDL), and according to Rodríguez-Carpena et al. (2012) , the intake of SFA could lead to an increase in cholesterol levels in the blood. The unsaturated fatty acids are composed of MUFA and PUFA, and according to Mattson and Grundy (1985) , MUFAs show better effects than PUFAs in terms of LDL reduction. The nutritional quality of the lipid fraction of food can be evaluated through the PUFA/SFA ratio. Increases in this ratio could lead to a reduction in total cholesterol in the blood plasma (McAfee et al., 2010) . The products formulated with vegetal fat had increases (p < 0.05) in the PUFA/SFA ratio compared to products prepared with animal fat; none of the formulations reached the level of 0.4 (minimum recommended value) (Wood et al., 2004) . This behavior may be attributed to the characteristically low PUFA/SFA ratio in meat (0.1) (Webb and O'Neill, 2008) , which implied an imbalance. Furthermore, hydrogenated vegetal fat does not have a high content of PUFAs. Thus, if the objective is to reduce and replace the animal fat with vegetal fat, it is necessary to not only reduce the SFA, but also to increase the PUFA, especially the n-3 type (Ospina-E. et al., 2011) .
PUFAs are very important in meat products because n-6 and n-3 fatty acids cannot be synthesized by humans; n-6 fatty acid can be elongated to araquidonic acid (C20:4, n-6) which acts as a precursor of eicosanoids (Webb and O'Neill, 2008) . N-3 fatty acids play a key role in diet in terms of inflammatory reduction, HDL increase and LDL reduction (Johnston, 2009) . Another index based on the PUFA amount which evaluates the quality of the lipid fraction in food is the n-6/n-3 ratio (Rodríguez-Carpena et al., 2012) which may cause cardiovascular diseases at high levels (Simopoulos, 2002) . In this research, the relationship n-6/n-3 significantly increased with the addition of vegetal fat to the formulation. Therefore, it is not an adequate replacement of animal fat not only because of the PUFA/SFA ratio, but also because of the n-6/n-3 ratio.
Oxidative stabilization and malonaldehyde measurement
The measurement of TBA-RS was taken and all formulations showed oxidation values below 0.5 mg malonaldehyde per kg of sample (Figure 1 ), which is the maximum level allowed for processed meat products because it produces a rancid odor and taste that can be detected by the consumer (Rodríguez-Carpena et al., 2012) .
Both the reduction and replacement of animal fat by hydrogenated vegetal fat had no effect on TBA-RS (p > 0.05), thus lipid oxidation was not influenced. This behavior may be explained by the composition of vegetal fat which has a predominance of MUFAs, and low quantities of PUFAs, that are more sensitive to lipid oxidation. However, the AC formulation presenting more fat than RAF, RVF, RAFH and RVFH, did not show higher TBA-RS values (p > 0.05), since animal fat presents SFA as major fatty acids.
In this study, the quantification of MDA was determined in two ways: the spectrophotometric and HPLC methods. The spectrophotometric method is the more commonly used in quantifying MDA, but it is not specific for this compound. Thus, to obtain a specific quantification of MDA, this investigation evaluated the content of malonaldehyde using HPLC.
Although no difference (p > 0.05) between methods was observed (Figure 1) , the content of malonaldehyde spectrophotometrically determined was slightly higher and presented a higher standard deviation than the results obtained by HPLC. These results are in agreement with those reported by Papastergiadis et al. (2012) .
The overlapping of the chromatograms from the MDA-TBA products of the six formulations is presented in the Figure 2 , where the retention time for the formation of the maximum peak was about 6.5 min at a flow rate of 1 mL min −1 .
Sensory evaluation
A difference (p < 0.05) between the AC and VC was found for the overall difference attribute, while for the other attributes there was no difference (p > 0.05) between formulations (Table 5 ). This result shows that the six formulations evaluated were very similar and that, in general, the reduction of fat and addition of hydrocolloids did not affect the sensory characteristics studied here. The PCA was carried out using a correlation matrix on sensory attribute data to explain which attribute within the four evaluated had a closer relationship with the over- all difference, and to explain why AC and VC differ (p < 0.05). The two first principal components explain 72 % and 22 % of the variation of the experimental data. The first principal component (Factor 1) ( Figure  3A ) was positively correlated with the attributes' differences in seasoning flavor, saltiness and firmness, while it was negatively correlated with the attributes' overall difference. Furthermore, the principal component 2 (Factor 2) was positively correlated with the attributes' overall difference, difference in saltiness and firmness. The correlation matrix of all the attributes evaluated had a module close to the unit, suggesting an acceptable explanation of the experimental variation of all the attributes in the two principal components considered.
The AC, RAF and RAFH samples were located on the right side of principal component 1 (Figure 3B ), indicating a higher intensity in the attributes positively correlated with this principal component (differences in seasoning flavor, saltiness and firmness) and negatively correlated with the overall difference. As regards principal component 2, the RVF, RAF, AC and VC samples, located in the upper side of principal component 2, had a high intensity with the attributes' overall difference, and differences in saltiness and firmness while RVFH and RAFH samples were negatively correlated with principal component 2, showing low intensity for these attributes. The difference (p < 0.05) between VC compared to the control formulation (AC) is due to the fact that these treatments are at the opposite ends of principal component 1 (Figure 3) . The results of this research highlight the importance of the reformulation of meat products using unsaturated vegetal fats and hydrocolloids. The evaluation of the functional effect of the reformulated products and the development of further studies on the sensory characteristics and consumer studies to verify the scope of the reformulation is recommended.
Conclusions
The development of mortadella-type products with reduction and replacement of animal fat by vegetal fat, sodium alginate and guar gum resulted in meat products with improved nutritional properties as a consequence of an increase in monounsaturated fatty acids. Changes in the composition had no effect on lipid oxidation, which is extremely interesting. The physicochemical properties were altered, thereby affecting the instrumental texture, but the use of hydrocolloids helped to reduce this effect. Animal fat substitution causes difference in overall sensorial perception compared with non-substituted products.
